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(54) High pressure well cementing plug assembly 

(57) A high pressure well cementing plug assembly 
(10) for use in a pipe (12) during the cementing of the 
pipe in a well bore (14) has top (20) and bottom (24) ce- 
menting plugs each including a high strength inner tube 
(62; 80) for supporting high differential pressures exerted 
on the plugs. The bottom end of the inner tube (80) of 
the bottom plug (24) is adapted to supportingly engage 
a float shoe or the like upon landing. Also, the bottom 
end of the inner tube (62) of the top plug (20) and the top 
end of the inner tube (80) of the bottom plug (24) are 
adapted to supportingly engage each other when the top 
plug (20) lands on the bottom plug (24). The high 
strength inner tubes (62,80) support high pressure dif- 
ferentials exerted on the plugs and prevent the plugs 
from collapsing or otherwise being damaged. 
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Description 

This invention relates to a high pressure well ce- 
menting plug assembly for use in a pipe such as casing 
during the cementing of the pipe in a well bore. 

In the primary cementing of a well, a cement slurry 
is pumped downwardly through the pipe to be cemented 
in the well and then upwardly into the annulus between 
the pipe and the walls of the well bore. Upon setting, the 
cement bonds the pipe to the walls of the well bore and 
restricts fluid movement between formations penetrated 
by the well bore. 

At the commencement of primary cementing, the 
pipe to be cemented and the well bore are usually filled 
with drilling mud. In order to reduce contamination of the 
cement slurry at the interface between the drilling mud 
and cement slurry, a plug which includes a plurality of 
elastomeric wipers for sealingly engaging the inner sur- 
face of the pipe is pumped ahead of the cement slurry 
whereby the cement slurry is separated from the drilling 
mud as they are displaced through the pipe. The plug 
wipes the drilling mud from the walls of the pipe ahead 
of the cement slurry and maintains the separation be- 
tween the cement slurry and drilling mud until it lands on 
a float collar or float shoe attached to the bottom end of 
the pipe. 

This bottom plug can include a rupturable member 
or when it lands it can open a valve mechanism which 
allows the cement slurry to proceed through the plug and 
upwardly into the annular space between the pipe and 
the well bore. When the required quantity of the cement 
slurry has been pumped into the pipe, a top plug is re- 
leased into the pipe to separate the cement slurry from 
additional drilling mud or other fluid used to displace the 
cement slurry down the pipe. 

The design of the top plug is such that when it lands 
on the bottom plug it shuts off fluid flow through the plugs 
which prevents the displacement fluid from entering the 
annulus. When the top plug lands, the usual practice is 
to continue pumping the displacement fluid into the pipe 
whereby the pipe is pressured up and the pipe and as- 
sociated equipment including the pump are pressure 
tested for leaks or other defects. A valve in the float collar 
or float shoe prevents the reverse movement of the ce- 
ment slurry through the pipe. Once the cement has set, 
the top and bottom plugs are usually drilled out of the 
pipe. 

The top and bottom cementing plugs can be re- 
leased from an above ground cement plug container 
which is installed in communication with the interior of 
the pipe to be cemented. Such plug containers and their 
operation are well known to those skilled in the art. In an 
alternate arrangement, a sub-surface release plug as- 
sembly can be utilized which is positioned in the pipe to 
be cemented and attached to the lower end of a drill 
string suspended therein. Sub-surface release cement- 
ing plug assemblies are commonly utilized in sub-sea 
primary cementing operations In such operations, the 



cement slurry is pumped through the drill string to the 
sub-surface release cementing plug assembly. 

A problem which can be experienced when cement- 
ing plugs of either the above surface release type or the 
5 sub-surface release type are used involves the collapse 
or damage to the cementing plugs as a result of high dif- 
ferential pressures exerted on the plugs during the ce- 
menting operation, particularly during the pressure test 
described above. That is, when primary cementing is 

to carried out in a well, the pressure differential exerted on 
a cementing plug can be as high as 1 5,000 psi or greater. 
Such high pressure differentials have heretofore caused 
the collapse or other damage to the cement plugs which 
prevent their proper operation and which can be very 

* s costly to correct. Thus, there is a need for improved well 
cementing plugs and assemblies which can withstand 
high pressures without damage to the plugs and/or caus- 
ing the improper operation thereof. 

We have devised an improved high pressure well 

20 cementing plug assembly for use in the cementing of 
pipe in wells, which assembly meets the need described 
above and overcomes the shortcomings of the prior art. 
The improved high pressure well cementing plug assem- 
blies of this invention are basically comprised of top and 

25 bottom cementing plugs having high strength inner tubes 
attached thereto for supporting the differential pressures 
exerted on the plugs. The bottom end of the high strength 
inner tube of the top plug and the top end of the high 
strength inner tube of the bottom plug are adapted to 

30 supportingly engage each other when the top plug lands 
on the bottom plug. The bottom end of the high strength 
inner tube extending through the bottom plug is adapted 
to supportingly engage a float collar, float shoe or other 
similar structure attached to the pipe to be cemented at 

35 its lower end. 

Thus, when the top and bottom cementing plugs 
have landed, the differential pressures exerted on the 
plugs are supported by high strength inner tubes which 
engage the float collar or float shoe and each other. In a 

40 preferred embodiment, the float collar or float shoe which 
is utilized with the improved top and bottom plugs also 
includes a high strength inner tube for supporting the dif- 
ferential pressures exerted thereon. 

In one aspect, the invention provides a high pres- 

4* sure well cementing plug assembly for use in a pipe dur- 
ing the cementing of the pipe in a well bore, the pipe in- 
cluding a float shoe or the like on which the plug assem- 
bly lands, the assembly comprising: a top cementing 
plug means having a high strength inner tube attached 

so to and extending from the bottom thereof for supporting 
differential pressure exerted on said top plug means; a 
bottom cementing plug means having a high strength in- 
ner tube attached thereto and extending therethrough for 
supporting differential pressure exerted on said bottom 

55 plug means; and the bottom end of said high strength 
inner tube of said top plug means and the top end of said 
high strength inner tube of said bottom plug means being 
adapted to supportingly engage each other when said 
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top plug means lands on said bottom plug means. 

Preferably, the bottom end of said high strength in- 
ner tube extending through said bottom plug means is 
adapted to supportingly engage said float shoe upon 
landing. 

Advantageously, the bottom plug means includes a 
rupturable member disposed over an opening in said in- 
ner tube thereof for preventing flow through said inner 
tube until said rupturable member is caused to rupture. 

Preferably, the top and bottom plug means each 
comprise a solid insert attached to said high strength in- 
ner tube of said plug means; and an elastomeric jacket 
disposed around said insert, said jacket having a plurality 
of wipers thereon for sealingly engaging an inner surface 
of said pipe. 

Advantageously, the or each high strength inner 
tube of said plug means is made from aluminium and the 
or each insert is made from plastics material. 

Preferably, first fluid pressure activated releasing 
means are provided releasably connecting the top end 
of said inner tube of sard top plug to a drill string; and 
second fluid pressure activated releasing means are pro- 
vided releasably connecting the top end of said inner 
tube of said bottom plug means to the bottom end of said 
inner tube of said top plug means. 

Preferably, also, the top end of said inner tube of said 
bottom plug means is adapted to receive a first seal 
means dropped into and moved through said drill string 
and through the inner tube of said top plug means where- 
by the fluid pressure differential across said seal means 
can be increased thereby activating said second fluid 
pressure activated releasing means to release said bot- 
tom plug means. 

In order that the invention may be more fully under- 
stood, reference is made to the accompanying drawings, 
wherein: 1 

FIG. 1 is a side cross-sectional view of a well bore 
and a pipe to be cemented therein having one embodi- 
ment of a sub-surface release cementing plug assembly 
of the present invention installed in its initial position in 
the pipe. 

FIG. 2 is a cross-sectional view similar to FIG. 1 
showing the sub-surface release cementing plug assem- 
bly after the release of the bottom plug. 

FIG. 3 is a cross-sectional view similar to FIG. 1 
showing an embodiment of a float shoe attached at the 
bottom end of the pipe to be cemented after the bottom 
cementing plug has landed thereon. 

FIG. 4 is a cross-sectional view similar to FIG.1 
showing the sub-surface release cementing plug assem- 
bly shortly after the release of the top plug. 

FIG. 5 is a cross-sectional view similar to FIG. 3 
showing the float shoe and the top and bottom plugs after 
the top plug has landed. 

FIG. 6 is a side cross-sectional view of an embodi- 
ment of a top above surface release cementing plug of 
the present invention. 

FIG. 7 is a side cross-sectional view of an embodi- 



ment of a bottom above-surface release cementing plug 
of the present invention which can be utilised with the 
top plug of FIG. 6. 

Referring now to the drawings and particularly to 
s FIG. 1, a sub-surface release well cementing plug as- 
sembly of the present invention is illustrated and gener- 
ally designated by the numeral 10. The plug assembly 
10 is shown positioned within a pipe 12 which is to be 
cemented in a well bore 14. The plug assembly 10 is in 

10 'tis initial position in the pipe 12 releasably connected to 
the lower end of a drill string 16. 

The plug assembly 10 is comprised of a first fluid 
pressure activated releasing assembly 18 which is con- 
nected to the drill string 16, a top cementing plug 20 re- 

is leasably connected to the assembly 18, a second fluid 
pressure activated releasing assembly 22 connected to 
the top cementing plug 20, and a bottom cementing plug 
24 releasably connected to the assembly 22. 

The first fluid pressure activated releasing assembly 

20 1 8 includes a connector 26 which is threadedly connect- 
ed to the lower end of the drill string 16. The connector 
26 defines a first internal bore 28 and a second larger 
internal bore 30. The connector 26 is connected to a col- 
let retainer 32 at an external threaded connection 34 

2S thereon. The collet retainer 32 defines a first internal bore 
36 and a second internal bore 38 with an annular beveled 
shoulder 40 inbetween. 

The upper end of a collet 42 is disposed in the collet 
retainer 32 below the connector 26 so that the head por- 

30 tions 44 of a plurality of collet fingers 46 engage and are 
retained by the annular shoulder 40 in the collet retainer 
32. The collet 42 defines an internal bore 48 and has a 
generally upwardly facing shoulder 50 at the lower end 
of the bore 48. 

35 a releasing sleeve 52 is slidably disposed in, and 
has an outersurface 54 in close spaced relationship with, 
the second bore 30 of the connector 26 and the bore 48 
of the collet 42. The releasing sleeve 52 includes a bev- 
eled shoulder 57 at its upper end which connects to an 

40 internal bore 59. A second enlarged bore 61 connects 
with the smaller bore 59 whereby an internal downwardly 
facing shoulder 63 is formed in the releasing sleeve 52. 
As will be understood by those skilled in the art, in the 
position illustrated in FIG. 1 the releasing sleeve 52 

45 keeps the head portions 44 of the collet fingers 46 en- 
gaged with the annular shoulder 40 of the collet retainer 
32. 

At least one shear pin 56 is engaged with the collet 
42 and extends into a recess 58 in the releasing sleeve 

so 52 whereby the releasing sleeve 52 is held in the upper 
collet retaining position shown in FIG. 1 . 

An O-ring seal 33 is disposed in a groove positioned 
adjacent the lower end and in the interior of the collet 
retainer 32 to provide a seal between the collet retainer 

ss 32 and the collet 42 whereby fluids outside the releasing 
assembly 18 do not leak into the interior thereof. Also, a 
pair of 0-ring seals 53 and 55 are disposed in grooves 
positioned adjacent the ends and in the exterior of the 



3 



5 



EP 0 697 496 A2 



6 



releasing sleeve 52 to provide a seal around the collet 
heads 44 and fingers 46. The O-ring seals 33, 53 and 55 
insure that cement slurry or other fluids from inside or 
outside the releasing assembly 18 do not clog and inter- 
fere with the operation of the collet and releasing sleeve 
mechanism. 

The top cementing plug 20 is threadedly connected 
to the lower end of the collet 42 at internal threads 60 
thereof. The top cementing plug 20 includes a high 
strength inner tube 62 which is centrally positioned and 
extends short distances above and below the plug 20. 
The top portion of the inner tube 62 includes external 
threads 64 which are threadedly connected to the inter- 
nal threads 60 of the collet 42. The inner tube 62 is pref- 
erably formed of a high strength but drillable material 
such as aluminum. 

A solid insert 66, preferably formed of an easily drill- 
able material such as a plastic material, is threadedly 
connected at threads 68 thereof to the threads 60 of the 
inner tube 62. An elastomeric jacket 70 is disposed 
around and attached to the insert 66 which includes a 
plurality of annular wipers 72 thereon for sealingly en- 
gaging the inner surface of the pipe 1 2. As is well under- 
stood by those skilled in the art, the wipers 72 extend 
outwardly and angularly upwardly into contact with the 
inner surface of the pipe 12 and function to wipe fluid 
from the walls of the pipe 12 and prevent mixing of that 
fluid with the fluid following the plug. 

The high strength inner tube 62 of the top plug 20 
includes an upper bore 74 and an enlarged lower bore 
76 connected by an annular beveled shoulder 78. The 
lower portion of the inner tube 62 which includes the bev- 
eled shoulder 78 and the enlarged bore 76 form a part 
of the second fluid pressure activated releasing assem- 
bly 22. The lower portion of the inner tube 62 is also 
adapted to supportingly engage the high strength inner 
tube 80 of the bottom cementing plug 24 when the top 
cementing plug 20 lands on the bottom plug 24 as will 
be further described hereinbelow. 

The bottom cementing plug 24 includes a high 
strength inner tube 80 which is centrally positioned and 
extends short distances above and below the bottom 
plug 24. Like the top plug 20, the inner tube 80 of the 
bottom plug 24 is preferably made of high strength alu- 
minum. Also, the bottom plug 24 includes an insert 82, 
preferably formed of plastic material, threadedly con- 
nected to the inner tube 80 at a threaded connection 84. 
An elastomeric jacket 86 is disposed around and at- 
tached to the insert 82 which includes a plurality of wipers 
88 for sealingly engaging the inner surface of the pipe 1 2. 

As mentioned, the upper end of the inner tube 80 of 
the bottom plug 24 is adapted to supportingly engage the 
lower end of the inner tube 62 of the top plug 20. That 
is, the upper end of the bottom plug inner tube 80 in- 
cludes a beveled shoulder 89 which is complimentary in 
size and shape to the beveled shoulder 78 of the top plug 
inner tube 62. Further, the bottom plug inner tube 80 has 
an outside size and shape complimentary to the inside 



size and shape of the lower bore 76 of the top plug inner 
tube 62 whereby the upper end of the bottom plug inner 
tube 80 fits snugly within the lower end of the top plug 
inner tube 62. 

5 In the initial position as shown in FIG. 1, the upper 
end of the bottom plug inner tube 80 is maintained in en- 
gagement with the bwer end of the top plug inner tube 
62 by at least one shear pin 94 (two are shown) which 
are engaged with the inner tube 62 and extend into com- 
io plimentary recesses 95 in the inner tube 80. 

The bottom plug inner tube 80 includes an internal 
annular beveled shoulder 90 for retaining and sealing a 
sealing member, such as a ball, when the sealing mem- 
ber is caused to move through the drill string 16 and 
'5 through the top plug inner tube 62 into the open end 92 
of the inner tube 80. As will be further described, when 
the sealing member is present within the top end of the 
inner tube 80, a fluid pressure can be exerted across the 
sealing member which causes the shear pins 94 to shear 

20 and the bottom plug 24 to be released. 

The upper end of the bottom plug inner tube 80 also 
preferably includes at least one opening 96 (two are 
shown) through a side thereof, Sealingly attached across 
the openings 96 are fluid pressure rupturable members 

2S 98. The rupturable members 98 are designed to rupture 
at a particular fluid pressure whereby after the bottom 
plug 24 has landed, increased fluid pressure exerted on 
it causes the rupture of the rupturable members 98 and 
cement slurry to flow through the bottom plug 24. 

so a pressure equalizing passage 100 extends from 
the internal beveled shoulder 90 through a side of the 
bottom plug inner tube 80, and O-ring seals 1 02 and 1 04 
are disposed in grooves in the inner tube 80 above and 
below the pressure equalizing passage 100 and the 

35 openings 96, respectively. The O-ring seals 1 02 and 1 04 
and the pressure equalizing passage 100 insure that a 
significant pressure differential is not exerted across the 
rupturable members 98 until after the bottom plug 24 is 
released. 

40 As will be understood by those skilled in the art, 
means other than the openings 96 and rupturable mem- 
bers 98 can be utilized to selectively allow cement slurry 
flow through the bottom plug 24 after it has landed. For 
example, the float collar or shoe can include valve means 

45 which operate when the bottom plug lands. Alternatively, 
the seal member used to seal the bottom plug 24 can be 
resilient, e.g., a resilient ball, whereby it can be forced 
through the inner tube 80 by fluid pressure differential 
exerted on it. 

so The lower end of the inner tube 80 of the bottom plug 
24 is adapted to supportingly engage a high strength 
member of the float collar or float shoe on which the bot- 
tom plug lands. That is, the lower end of the bottom plug 
inner tube 80 includes a beveled shoulder 106 for en- 

55 gaging a complimentary beveled shoulder in the float col- 
lar or shoe which will be described below. Also, an O-ring 
seal 108 is disposed in a groove in the exterior surface 
of the inner tube 80 adjacent the beveled shoulder 106 
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to provide a seal between the inner tube 80 and the in- 
terior of the float collar or shoe. 

The structure of a float shoe, generally designated 
by the numeral 110, which is suitable for use with the 
above described assembly 10 is illustrated in FIGS. 3 
and 5. As will be understood, the float shoe 110 provides 
an opening 112 which opens into the annulus 114 be- 
tween the pipe 12 and the walls of the well bore 14. As 
will also be understood, instead of the float shoe 110, a 
float collar or other similar device at the upper end of a 
shoe joint can be used. In still another embodiment, a 
guide shoe can be used. 

In accordance with the present invention, the float 
shoe 110, or an equivalent float collar or other similar 
structure, includes an outer sleeve 116, a check-valve 
assembly 118 and a high strength inner tube 120 posi- 
tioned above the check-valve assembly 118 The 
check-valve assembly 118 and the high strength inner 
tubular member 120 are held within the outer sleeve 116 
by a cement portion 1 22. The opening 1 1 2 at the bottom 
end of the float shoe 1 1 0 is communicated with an open- 
ing 1 24 in the upper end thereof by the hollow interior of 
the check-valve assembly 118 and the hollow interior of 
the high strength inner tube 1 20. 

The opening 124 in the upper end of the inner tube 
120 of the float shoe 110 includes an enlarged upper 
bore 1 26 and a smaller bore 1 28 with a beveled shoulder 
1 30 inbetween. As illustrated in FIGS. 3 and 5, when the 
bottom plug 24 lands on the float shoe 110, the lower 
end of the bottom plug inner tube 80 supportingly engag- 
es the upper end of the inner tube 120 of the float shoe 
110. That is, the lower end of the bottom plug inner tube 
80 is of a complimentary shape to the opening 1 24 of the 
float shoe inner tube 120 whereby the lower end of the 
bottom plug inner tube 80 fits snugly within the opening 
124. In addition, the beveled shoulder 106 at the lower 
end of the bottom plug inner tube 80 supportingly con- 
tacts the beveled shoulder 130 of the float shoe inner 
tube 120. The O-ring 108 provides a seal between the 
bottom plug inner tube 80 and the float shoe inner tube 
120. 

Operation 

Referring now to FIGS. 1 -5, the operation of the 
sub-surface release well cementing plug assembly 1 0 in- 
cluding the float shoe 110 will be described. As previous- 
ly mentioned, both the pipe 12 to be cemented and the 
well bore 14 are usually filled with drilling mud prior to 
commencing primary cementing operations. 

After positioning the plug assembly 1 0 within the well 
bore 14 and the pipe 12 disposed therein as shown in 
FIG. 1 , a ball 140 or other equivalent sealing member is 
dropped into and caused to be moved in a known manner 
through the drill string 1 6, through the plug releasing as- 
sembly 18 and through the inner tube 62 of the top plug 
20 into the open upper end of the inner tube 80 of the 
bottom plug 24. 



Once the ball seal 140 is in place in the upper end 
of the bottom plug inner tube 80, the fluid pressure ex- 
erted across the seal is increased by pumping a fluid into 
the assembly 10 by way of the drill string 16 until the 

s shear pins 94 shear and the bottom plug 24 is released 
from the top plug 20 as shown in FIG. 2. The ball seal 
140 seals against the internal annular beveled shoulder 
90 of the bottom plug inner tube 80, and as a result, clos- 
es the pressure equalizing passage 100. 

10 After the bottom plug 24 is released as illustrated in 
FIG. 2, the cement slurry is continuously pumped into 
the interior of the pipe 12 by way of the drill string 1 6, the 
first releasing assembly 18 and the inner tube 62 of the 
top plug 20 which displaces the bottom plug 24 and the 

is drilling mud ahead of the bottom plug 24 through the pipe 
12. 

As shown in FIG. 3, when the bottom plug 24 reach- 
es the float shoe 110 at the bottom end of the pipe 12, 
the lower end of the bottom plug high strength inner tube 

20 80 supportingly engages the upper end of the high 
strength inner tube 1 20 of the float collar 1 1 0 That is, the 
lower end of the inner tube 80 is moved into the opening 
124 at the top of the float shoe inner tube 120 whereby 
the beveled shoulder 1 30 of the inner tube 80 is support- 

2S ed on the beveled shoulder 106 of the float shoe inner 
tube 120. The ball seal 140 remains in place within the 
upper end of the bottom plug inner tube 80. 

When the bottom plug 24 lands on the float shoe 
110, the pumping of the cement slurry is continued until 

30 the predetermined volume of cement slurry required for 
cementing the pipe 12 in the well bore 14 has been 
pumped into the pipe 12. As mentioned above, the con- 
tinued pumping of the cement si urry after the bottom plug 
24 lands causes the rupture of the rupturable members 

35 98 of the bottom plug 24 whereby the cement slurry flows 
through the bottom plug into the annulus between the 
pipe 12 and the walls of the well bore 14. 

When the predetermined volume of cement slurry 
has been pumped into the pipe 12, the plug releasing 

40 assembly 18 is activated whereby the top plug 20 and 
the cement slurry ahead of it are displaced through the 
pipe 1 2 and into the annulus by pumping drilling fluid or 
other available displacement fluid behind the top plug 20. 
The release of the top plug 20 is accomplished by 

45 dropping an additional seal member into the drill string 
16 and causing it to move into contact with the releasing 
sleeve 52 of the releasing assembly 18. As illustrated in 
FIG. 4, a seal member 142 known as a drill pipe plug can 
be utilized for releasing the top plug 20. Drill pipe plugs 

50 are known in the art and are designed to sealingly en- 
gage the inside surface of the drill string 16 and to seal- 
ingly close the hollow interior of the releasing sleeve 52. 
However, other seal members such as those commonly 
referred to as darts can be used in place of the drill pipe 

55 plug 142. 

As illustrated in FIG. 4, the drill pipe plug 142 in- 
cludes a beveled shoulder 44 which engages the bevel- 
ed shoulder 57 of the releasing sleeve 52 and an elon- 



6 



BNSDCCID: <EP 0697496A2_L> 



9 



EP 0 697 496 A2 



10 



gated nose portion 146 which fits snugly within the bore 
59 of releasing sleeve 52. A resilient sea! ring 148 pro- 
vides a seal between the nose portion 146 of the drill 
pipe plug 142 and the interior of the releasing sleeve 52. 
A snap ring 150 attached to the nose portion 146 of the 
plug 1 42 engages the shoulder 63 of the releasing sleeve 
52 whereby the plug 142 is maintained within the releas- 
ing sleeve 52. The upper bulbus portion 153 of the plug 
142 is formed of a resilient material and forms a seal 
against the inside surfaces of the drill string 16 and the 
internal parts of the releasing assembly 1 8 while the plug 
is being moved therethrough. 

The engagement of the drill pipe plug 142 with the 
releasing sleeve 52 and the application of fluid pressure 
differential across the plug 142 after its engagement 
causes the releasing sleeve 52 to be moved from its up- 
per collet finger retaining position illustrated in FIG. 2 to 
the lower collet finger releasing position illustrated in 
FIG. 4. When the releasing sleeve 52 has moved to its 
lower releasing position, the head portions 44 of the col- 
let fingers 46 disengage from the annular shoulder 40 of 
the collet retainer 32 and the bottom plug 20 is released 
and moved downwardly as shown in FIG. 4. 

The continued pumping of the displacement fluid be- 
ll ind the top plug 20 displaces the plug 20 and the cement 
slurry ahead of the plug 20 through the interior of the pipe 
1 2 and into the annulus 114 between the pipe 1 2 and the 
walls of the well bore 14 as shown in FIG. 5. When the 
top plug 20 reaches the bottom of the pipe 12, it lands 
on the plug 24 as is also shown in FIG. 5. Upon landing, 
the enlarged bore 76 in the lower end of the top plug inner 
tube 62 is supportingly engaged by the upper end of the 
bottom plug inner tube 80 as previously described. That 
is, the beveled shoulder 89 on the upper end of the bot- 
tom plug inner tube 80 supportingly engages the beveled 
shoulder 78 in the top plug inner tube 62. Additionally, 
the upper portion of the bottom plug inner tube 80 fits 
snugly within the lower end portion of the top plug inner 
tube 62. The openings 96 in the inner tube 80 are closed 
as a result of being covered by the lower end portion of 
the inner tube 62. 

As mentioned above, after the top plug 20 lands on 
the bottom plug 24, the pressure exerted on the plugs is 
normally increased to pressure test the pipe 1 2 and other 
associated equipment for leaks, etc. However, the high 
pressure differential exerted on the plugs 20 and 24 is 
supported by the high strength inner tube 62 of the top 
plug 20 and the high strength inner tube 80 of the bottom 
plug 24, both of which are supported by the high strength 
inner tube 120 of the float shoe 1 1 0. As a result, the plugs 
20 and 24 are prevented from being damaged. 

After the top plug 20 has been landed and the pres- 
sure test of the pipe 12 and associated equipment has 
been performed, the cement 6lurry in the annulus 114 is 
allowed to set whereby the pipe 12 is cemented in the 
well bore 14. If the well bore 14 is to be extended by ad- 
ditional drilling below the end of the pipe 12, or if it is 
otherwise desirable to remove the plug assembly 1 0 and 



the internals of the float shoe 110, the plug assembly 10 
and the internals of the float shoe 110 are drilled out of 
the pipe 12 and out of the float shoe sleeve 116 utilizing 
conventional drilling techniques. 
s Referring now to FIGS. 6 and 7, above-surface re- 
lease well cementing top and bottom plugs of the present 
invention are illustrated. That is, an above-surface re- 
lease top plug, generally designated by the numeral 1 30, 
is illustrated in FIG. 6, and an above-surface release bot- 
tom plug, generally designated by the numeral 150, is 
illustrated in FIG. 7. 

Referring to FIG. 6, the top plug 1 30 is comprised of 
a centrally positioned inner tube 1 32 formed of a high 
strength material such as aluminum. The lower end 134 
of the tube 1 32 is closed, and the lower end portion 1 35 
of the tube 1 32 is of a reduced diameter and extends 
below the plug 130. The lower end 1 34 of the tube 132 
includes an annular beveled shoulder 1 36 formed ther- 
eon, and an 0-ring seal 1 38 is positioned in a groove ad- 
jacent the shoulder 1 36. 

A hollow insert 140, preferably formed of a plastic 
material, is threaded ly connected to the inner tube 1 32, 
and an etastomeric jacket 142 is disposed around and 
attached to the insert 140. The elastomeric jacket 142 
includes a plurality of wipers 1 44 thereon for sealingly 
engaging the inner surface of a pipe to be cemented in 
a well bore. A pressure equalizing passage 1 46 commu- 
nicates and equalizes the fluid pressure exerted on top 
of the plug 1 30 with the interior of the insert 1 40 and the 
interior of the innertube 1 32 threaded ly attached thereto. 

Referring now to FIG. 7, the bottom cementing plug 
1 50 includes an inner tube 1 52 formed of a high strength 
material such as aluminum. An insert 154, preferably 
formed of a plastic material, is threadedly attached to the 
inner tube 152. An elastomeric jacket 156 is disposed 
around and attached to the insert 154 which includes a 
plurality of wipers 158. 

The inner tube 152 includes an enlarged bore 160 
at the upper open end thereof and a smaller bore 162 
therebelow with a beveled shoulder 164 in between. A 
third bore 163 which is smaller than the bore 162 forms 
an upwardly facing shoulder 1 65 and extends to the bot- 
tom open end of the inner tube 152. The bore 160 and 
the beveled shoulder 1 64 at the upper end of the bottom 
plug inner tube 152 are of complementary sizes and 
shapes to the beveled shoulder 1 36 and the lower end 
portion 1 35 of the top plug inner tube 132. Thus, the up- 
per end of the bottom plug inner tube 152 is adapted to 
supportingly engage the lower end of the top plug inner 
tube 1 32 when the top plug 1 30 lands on the bottom plug 
1 50. That is, the lower portion 1 35 of the top plug inner 
tube 1 32 fits snugly within the bore 1 60 in the upper por- 
tion of the bottom plug inner tube 1 52, and a seal is pro- 
vided therebetween by the O-ring The lower end of the 
bottom plug inner tube 152 includes a beveled shoulder 
166 and an o-ring 168 disposed in a groove positioned 
adjacent to the beveled shoulder 166 Thus, the lower 
end of the bottom plug inner tube 152 is adapted to be 



is 



20 



2S 



30 



35 



40 



45 



SO 



6 



BNSDOCID: <EP. 



0697496A2_I_> 



11 



EP 0 697 496 A2 



12 



supported by a float shoe or equivalent structure like the 
float shoe 110 described above. The bottom plug inner 
tube 1 52 is closed by a fluid pressure rupturable member 
170 seated on the shoulder 165 between the bores 162 
and 163. 

The operation of the above-surface release well ce- 
menting plugs 1 30 and 1 50 is identical to the sub-surface 
well cementing plugs 20 and 24 described above except 
that the above-surface release plugs 130 and 150 are 
manually released from a plug container positioned 
above the surface in communication with the interior of 
the pipe to be cemented. 

When the bottom plug 1 50 lands on a float shoe like 
the float shoe 110 illustrated in FIGS. 3 and 5 and de- 
scribed above, the rupturable member 170 closing the 
plug 150 is ruptured by increased fluid pressure and ce- 
ment slurry flows through the plug 1 50 into the annulus. 

When the top plug 1 30 lands on the bottom plug 1 50, 
the inner tube 1 32 of the top plug 1 30 is supportingly en- 
gaged by the bottom plug inner tube 152. That is, the 
lower end of the top plug inner tube 1 32 extends into the 
upper end portion of the bottom plug inner tube 152 
whereby the beveled shoulder 136 of the inner tube 1 32 
is in contact with and supported by the beveled shoulder 
1 64 of the inner tube 1 52. The 0-ring 1 38 provides a seal 
between the inner tubes 132 and 152. 

The support of the top plug inner tube 132 by the 
bottom plug inner tube 152 which are both in turn sup- 
ported by a high strength inner tube of a float shoe or the 
like prevent damage to the plugs 1 30 and 1 50 as a result 
of high differential pressures exerted thereon. 

Thus the present invention is well adapted to carry 
out the objects and attain the ends and advantages men- 
tioned as well as those which are inherent therein. Nu- 
merous changes in the construction and arrangement of 
parts may be made by those skilled in the art. 



Claims 

1. A high pressure well cementing plug assembly for 
use in a pipe during the cementing of the pipe in a 
well bore, the pipe including a float shoe or the like 
on which the plug assembly lands, the assembly 
comprising: a top cementing plug means (20) having 
a high strength inner tube (62) attached to and 
extending from the bottom thereof for supporting dif- 
ferential pressure exerted on said top plug means 
(20); a bottom cementing plug means (24) having a 
high strength inner tube (80) attached thereto and 
extending therethrough for supporting differential 
pressure exerted on said bottom plug means (24); 
and the bottom end of said high strength inner tube 
(62) of said top plug means (20) and the top end of 
said high strength inner tube (80) of said bottom plug 
means (24) being adapted to supportingly engage 
each other when said top plug means (20) lands on 
said bottom plug means (24). 



2. A plug assembly according to claim 1 , wherein the 
bottom end of said high strength inner tube (80) 
extending through said bottom plug means (24) is 
adapted to supportingly engage said float shoe (110) 

5 upon landing. 

3. A plug assembly according to claim 1 or 2, wherein 
the bottom plug means (24) includes a rupturable 
member (98) disposed over an opening (96) in said 

io inner tube (80) thereof for preventing flow through 
said inner tube (80) until said rupturable member 
(98) is caused to rupture. 

4. A plug assembly according to claim 1, 2 or 3, 
is wherein said top (20) and bottom (24) plug means 

each comprise a solid insert (66; B2) attached to said 
high strength inner tube (62; 80) of said plug means 
(20; 24); and elastomeric jacket (70; 86) disposed 
around said insert (66; 82), said jacket having a plu- 
20 rality of wipers(72; 88) thereon for sealingly engag- 
ing an inner surface of said pipe (1 2). 

5. A plug assembly according to claim 1,2,3 or 4, 
wherein the or each high strength inner tube (62; 80) 
of said plug means (20; 24) is made from aluminium 
and the or each insert (66; 82) is made from plastics 
material. 

A plug assembly according to any of claims 1 to 5, 
wherein first fluid pressure activated releasing 
means (18) are provided releasably connecting the 
top end of said inner tube (62) of said top plug (20) 
to a drill string (16); and second fluid pressure acti- 
vated releasing means (22) are provided releasably 
connecting the top end of said inner tube (80) of said 
bottom plug means (24) to the bottom end of said 
inner tube (62) of said top plug means (20). 

A plug assembly according to claim 6, wherein the 
top end of said inner tube (80) of said bottom plug 
means (24) is adapted to receive a first seal means 
(140) dropped into and moved through said drill 
string (16) and through the inner tube (62) of said 
top plug means (20) whereby the fluid pressure dif- 
ferential across said seal means (140) can be 
increased thereby activating said second fluid pres- 
sure activated releasing means (22) to release said 
bottom plug means (24). 

A plug assembly according to claim 3, wherein said 
inner tube (80) of said bottom plug means (24) com- 
prises at least said opening (96) through a side of 
inner tube (80) adjacent the top end thereof; and 
said rupturable member (98) is sealingly attached 
across said opening whereby upon the landing of 
said bottom plug means (24), said rupturable mem- 
ber (98) can be ruptured and fluid caused to flow 
through said inner tube (80) of said bottom plug 
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means (24) by raising the fluid pressure exerted on 
said bottom plug means (24) to thereby rupture said 
rupturable member (98). 

9. A plug assembly according to claim 6 or 7, wherein s 
said first fluid pressure activated releasing means 
(18) are adapted to sealingly receive a second seal 
means (142) dropped into and moved through said 
drill string (16) whereby the fluid pressure differential 
across said seal means (142) can be increased io 
thereby activating said first fluid pressure activated 
releasing means ( 1 8) to release said top plug means 
(20). 

10. The use of a plug assembly as claimed in any of is 
claims 1 to 9 for cementing a pipe in a well bore. 
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(54) High pressure well cementing plug assembly 

(57) A high pressure well cementing plug assembly 
(10) for use in a pipe (12) during the cementing of the 
pipe in a well bore (14) has top (20) and bottom (24) 
cementing plugs each including a high strength inner 
tube (62; 80) for supporting high differential pressures 
exerted on the plugs. The bottom end of the inner tube 
(80) of the bottom plug (24) is adapted to supportingiy 
engage a float shoe or the like upon landing. Also, the 
bottom end of the inner tube (62) of the top plug (20) 
and the top end of the inner tube (80) of the bottom plug 
(24) are adapted to supportingiy engage each other 
when the top plug (20) lands on the bottom plug (24). 
The high strength inner tubes (62,80) support high pres- 
sure differentials exerted on the plugs and prevent the 
plugs from collapsing or otherwise being damaged. 
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